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(54) Sputtering target and a method for the manufacture thereof 

(57) The surface roughness of a sputtering target is 
controlled and the amount of residual contaminants, the 
hydrogen content, and the thickness of a surface dam- 
age layer are reduced, in order to homogenize the thick- 
ness of a film fomied on a substrate by sputtering and 
prevent nodule production and suppress nodule produc- 
tion to reduce particie production during sputtering. 

A 5Puttering target wi th the surface roughness (Ra) 
not more than 1.0 ^m, the total amount of contaminants, 
metal elements with a high melting point other than the 
major component and alloy components, and Si, Ai, Co, 
Ni. ardj^ not more tti an 500 ppm. the hydrogen content 
of the surface not niure llian 90 ppm, and the thickness 
of a surface damage layer not more than 50 [un is pro- 
vided, which is manufactured by precision machining 
using a diamond turning tool, if required. 
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D scrlpti n 

BACKGROUND OF THE.INVENTION 

1. Field of the Invention 

The present invention relates to a sputtering target formed on a substrate by sputtering, with excellent uniformity in 
film thickness and low incidence of occurrence of nodules and particles, and a method for manufacturing thereof. 

2. Desaiption of the Related Art 

In recent years, a sputtering method using a sputtering target has widely been employed for forming thin semicon- 
ductor films and the like. 

This sputtering method is a method for forming thin films by making charged particles impinge against a sputtering 
target, expelling the particles of a substance constituting the sputtering target therefrom with the impinging force, and 
depositing these particles on a base material (substrate) such as wafer placed facing the target. 

One of the problems of thin f flms formed by this sputtering is that film thickness is apt to be uneven. It has not been 
clearly known that this problem of uneven film thickness is attributable to the conditions of a target surface, and no spe- 
cific measures to solve this problem have been available. 

In addition, during film formation by sputtering as described above, protrusions of size ranging from several micro- 
nmeters to several millimeters, called nodules, may be produced in the eroded area of the sputtering target. These nod- 
ules have such a prot)lem that they are broken by the impingement of charged particles, thereby forming particles on a 
substrate during sputtering. 

This production of particles increases as the number of nodules on the eroded area of the sputtering target 
increases. The prevention of nodule production is thus a significant problem for reducing the number of these problem- 
atic particles. 

Under the recent situations in which LSI semiconductor devices have been highly integrated (4M bits, 16 M bits, 64 
M bits, etc.) and wiring width has been reduced to 1 lom or less, the above-mentioned production of particles from nod- 
ules is considered to be a critical problem. 

Specifically, these particles deposit directly on the thin film formed on the substrate, or they deposit and accumulate 
on the surrounding wail or parts of the sputtering apparatus, then peel off and re-deposit on the thin film to cause seri- 
ous problems such as breaking of wires and short-circuiting. Thus, this problem of particles has become a quite signif- 
icant problem as electronic device circuits have become more highly integrated and finer. 

Various efforts have been made to control operating conditions of sputtering and improve magnets in order to 
reduce these nodules. Since the cause of nodule production has not been clarified, however, targets designed to pre- 
vent nodule production have not been known well. 

SUMMARY OF THE INVENTION 

An object of the present invention is to improve thickness uniformity of a thin film formed by sputtering and to pre- 
vent nodule production during sputtering a target and suppress particle production. 
According to the present invention, there are provided: 

1. A sputtering target characterized in that the surface roughness of a surface to be eroded of the sputtering target 
is 1.0 fim or less in terms of center line average roughness (Ra). 

2. A sputtering target characterized in that the surface roughness of a surface to be eroded of the sputtering target 
is 1 .0 urn or less in terms of center line average roughness (Ra) and a total amount of contaminants depositing on 
the surface to be eroded, metal elements with a high melting point other than the major component arxl alloy com- 
ponents, and Si. AI, Co, Ni, and B, is 500 ppm or less. 

• 3. A sputtering target according to aspect 2. characterized In that a total amount of contaminants metal elements 
with a high melting point other than the major component and alloy components, and Si, Ai, Co, Ni, and B, is 300 
ppm or less. 

4. A sputtering target according to any one of aspects 1-3, characterized in that the hydrogen content of a surface 
to be eroded of the sputtering target is 50 ppm or less. 

5. A sputtering target according to aspect 4, characterized in that the hydrogen content of the surface to be eroded 
of the sputtering target is 30 ppm or less. 

6. A sputtering target characterized in that the surface roughness of a surface to be eroded of the sputtering target 
is 1 .0 ^tm or less in terms of center line average roughness (Ra) and the thickness of the surface damage layer of 
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the surface to be eroded is 50 jim or less. 

7. A sputtering target characterized in that the surface roughness of a surface to be eroded of the sputtering target 
is 0.2 fim or less in terms of center line average roughness (Ra) and the thickness of th surface darnage layer of 
the surface to be eroded is 15 or less. 

8. A sputtering target according to aspect 6 or 7, characterized in that a total amount of contaminants depositing 
cn a surface to be eroded, metal elements with a high melting point other than the major component and alloy com- 
ponents, and Si. Al, Co. Ni. and B, is 500 ppm or less. 

9. A sputtering target according to aspect 8, characterized in that a total amount of contaminants depositing on a 
surface to be eroded, metal elements with a high melting point other than the major component and alloy compo- 
nents, and Si. Al, Co, Ni, and B, is 300 ppm or less. 

10. A sputtering target according to any one of aspects 6-9. characterized in that the hydrogen content of a surface 
to be eroded of the sputtering target is 50 ppm or less. 

1 1. A sputtering target according to any one of aspects 6-9. characterized in that the hydrogen content of the sur- 
face to be eroded of the sputtering target is 30 ppm or less. 

12. A method of manufacturing a sputtering target characterized in that finishing of the sputtering surface is con- 
ducted by precision machining using a diamond tuming tool. 

13. A method of manufacturing a sputtering target characterized in that finishing of the sputtering surface is con- 
ducted by precision machining using a diamond tuming too! followed by polishing. 

Further objects and advantages of the present invention will be apparent from the following description of the pre- 
ferred embodiments of the present invention. 

PREFERRED EMBODIMENTS 

In order to achieve the above and other objects, the inventors of the present invention devoted themselves in 
research and obtained the following results. 

The inventors recovered a sputtering target during use and examined it in detail. As a result, it was found tiiat uni- 
formity of film thickness was largely affected by surface conditions of the target and could be improved by controlling 
surface roughness and that nodules were apt to be produced on an uneven part of a surface to be eroded of the target 
and the number of produced nodules was reduced as the surface roughness of the surface to be eroded of the target 
was finer. 

For this nodules, particles expelled from a sputtering target at a low angle are readily re-deposited on a convex part 
of the target, and when a re-deposition speed is faster than a speed with which a surface is eroded, particles are con- 
sidered to grow as nodules. When the surface is largely uneven, it is considered that re-deposition is apt to occur and 
thus nodules readily grow, leading to production of a large number of nodules. 

Then, when a sputtering target whose surface roughness had been controlled by mechanical processing, polishing, 
chemical etching, and the like was subjected to sputtering, the thickness of a thin film formed was more even and the 
number of nodules and particles were reduced. As a result of further investigation, residual materials from processing 
tools such as a turning tool, which remain on a target surface due to abrasion of the tools during machining: residual 
abrasives; and an increase in hydrogen content of the surface due to chemical etching were found to promote produc- 
tion of nodules. 

The above-described residual tool materials and abrasives on a target surface induce micro-arcing (micro-dis- 
charging phenomenon) on an eroded surface and a part of tine surface is melted and coagulated to form an uneven 
part, which sen/es as a new nodule-production site. It was also found that micro-arcing itself increased the number of 
particles. 

The residual amounts of various processing tools and abrasives were examined and it was found tinat, when the 
amounts of ttiese contaminants were reduced as thoroughly as possible, the production of nodules was suppressed 
and the number of particles was also decreased. 

When a hydrogen content or a target surface is high during chemical etching, sputtering in the initial stage becomes 
unstable to make an eroded surface rougher and promote production of nodules. 

Although the mechanism has not necessarily been clarified, it is assumed that a trace amount of hydrogen coming 
out from the target surface makes plasma unstable and sputtering occurs locally go that tiie target surface becomes 
rough. 

As mentioned above, in the sputtering target of the present invention, the surface roughness of a surface to be 
eroded is set at 1.0 pm or less in terms of center line average roughness (Ra). The reasons for nnaking the surface 
roughness of a surface to be eroded finer are as follows: Evenness of film thickness is improved; nodules are produced 
selectively on an eroded surface only; and since, when a part to be eroded of a target surface is excessively uneven, 
particles expelled from a sputtering target at a low angle are apt to re-deposit on a convex part of the target to readily 
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produce nodules, prevention of such re-depos'rtion suppresses production of nodules, resulting in a decrease in the 
number of particles. 

When Ra becomes 1,0 ^m or less, the effects for improving the evenness of film thickness and for preventing nod- 
ule production appear so that the number of particles can be reduced. 
5 In addition, as mentioned above, metal elements with a high melting point other than the major component and 

alloy components, and Si. Ai, Co. Ni, ano^epositing on a surface to be eroded are constituents of the materials used 
for machining tools and abrasives and apt to remain as contaminants upon processing the target surface. The presence 
of these contaminants has problems of inducing micro-arcing and generating an uneven part on a surface, which serves 
as a place for nodule production. Therefore, it is necessary to reduce these contaminants as thoroughly as possible. 
w According to the present invention, the amount of contaminants depositing on a surface to be eroded, such as 
^etal elements with a high melting point other than the major component and alloy components, and Si, AI, Co, Ni, and 

(TbI is soo^BcmuiJess- 

^ If a total amount of these substances is SO Oppmo r less, micro-arcing on an eroded surface is suppressed and no 
uneven part serving as a new place of nodule producfforili developed, and thus nodule production can be prevented 
IS and appearance of particles can be suppressed. 

Preferably, a total amount of metal elements with a high melting point other than the major component and alloy 
components, and Si, AI, Co, Ni. and B is 300 ppm or less. The affect of preventing nodule production can be remarkably 
improved by reducing a total amount of contaminants to 500 ppm or less, preferably 300 ppm or less, and decreasing 
a center line average roughness (Ra) to 1.0 jim or less. 
20 The amounts of contaminants are desirably controlled by analyzing a region wrthin about 5 ^m from a surface using 
analytical methods such as Glow Discharge Mass Spectrometer (GDMS). 

If a surface is smoothed by chemical etching, a hydrogen content of the surface increases and then a gas compo- 
nent suddenly appears microscopically and unevenness is apt to be produced on the surface during sputtering. In the 
sputtering target according to the present invention, however, a hydrogen content of a surface to be eroded can be 
25 decreased to 50 ppm or less by controlling the conditions for chemical etching and conducting dehydrogenation treat- 
ment following chemical etching to prevent nodule production and to reduce the number of particles. 

The hydrogen contents of a surface can be analyzed by an analysis comparing between a surface part and a bulk 
part not including the surface part, etc. 

A decrease of hydrogen content to 50 ppm or less enables improvement of the effect of preventing nodule produc- 

30 tion. 

The effect to prevent nodule production can be further improved by decreasing the hydrogen content of a surface 
to be eroded to 50 ppm or less, preferably 30 ppm or less, decreasing a total anx)unt of contaminants to 500 ppm or 
less, preferably 300 ppm or less, and reducing a center line average roughness (Ra) to 1.0 ^m or less 

In manufacturing a sputtering target, machining, polishing, chemical etching, etc. are generally used to smooth a 
35 surface for controlling surface roughness. Ncdule production can be effectively prevented by specifying a total amount 
of contaminants and a hydrogen content as described above through selection and device of these processing methods 
and surface treatments, as well as controlling center line average roughness (Ra). 

In manufacturing a sputtering target, machining and polishing are conducted as mentioned above, and if such 
processing is conducted very intensely, nodule production sometimes cannot be prevented even by controlling surface 
40 roughness. Although the reason is not necessarily clear, it is assumed that intense processing disturtjs atomic arrange- 
ment and an angle of particles expelled upon sputtering is shifted to smaller and therefore deposition occurs more eas- 
ily even with smaller surface roughness, that is. on a less meven surface. 

Therefore, it is necessary to reduce the thickness of the surface damage layer of a surface to be eroded of the sput- 
tering target to 50 jim or less. A term "surface damage layer" used herein can be defined as an area where residual 
45 stress generated from processing appears. The residual stress can be measured by a residual stress measuring 
method using X-ray. 

If processing is performed so intensely that the thickness of a surface damage layer exceeds 50 ^m, no effect of 
reducing the number of nodules is exerted and the number of particles cannot be reduced effectively. 

In addition, in the present invention, a method of manufacturing a sputtering target in which finishing of the sputter- 
so ing surface is conducted by predsion machining using a diamond turning tool or by precision machining using a dia- 
mond turning tool followed by polishing, if required, has been investigated. 

It has been found that precision machining using a diamond turning tool can reduce surface roughness effectively 
without using wet polishing or chemical polishing, which have been required conventionally In addition, by choosing this 
processing condition, center line average roughness (Ra) can be 0.2 ^m or less and the thickness of a surface damage 
55 layer can be 1 5 ^im or less. 

When a conventional cartide tool is employed, contamination of heavy metals is necessarily apt to occur. On tiie 
other hand, when a diamond turning tool is employed, such contamination does not occur. 

The present method does not require characteristically washing and dehydration treatment (required in chemical 
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polishing) which have been required for wet polishing and chemical polishing. It Is needless to say that the combined 
use of conventional polishing methods is allowed and can further reduce surface roughness and th thickness of a sur- 
face damage layer. 

Since the quality of a film exhibited dispersions immediately after initiation of use of a target, dummy sputtering is 
carried out until film formation is stabilized. 

As to sheet resistance, for example, since a target with dispersion of standard deviation of sheet resistanc in a 
wafer during processing of about 3% is generally used, above-mentioned dummy sputtering is carried out unti disper- 
sion of standard deviation of sheet resistance in the wafer becomes 3% or less after initiation of using the target. 

This dummy sputtering has a problem. For targets, especially those in which surface processing status has not 
been controlled, cumulative input power of about 20 KWh is generally required, resulting in large time loss in the proc- 
ess requiring film formation with low power. 

According to the present invention, precision machining using a diamond turning tool enables manufacturing of a 
sputtering target wherein the surface roughness of a surface to be eroded of the sputtering target is 0.2 ^m or less in 
terms of center line average roughness (Ra} and the thickness of a surface damage layer of the surface to be eroded 
is 15 ^ or less as described above, and a decrease in the thickness of a surface damage layer mentioned above pro- 
vides an effect to largely reduce a time required for this dummy sputtering. 

Exanrples and Comparative Exanples 

Next, the present invention will be described in detail referring to preferred embodiments and comparative exam- 
pies. 

(Examples 1-9 and Comparative Examples 1-2) 

S p^erino target material composed of t^^hl^puriff^ titanium was subjected to lathe machin ing. Then, a surface 
to be eToded was subjected to diarnord-f inishi?rg-BiachTr^ing, wet polishing, chemical polishing, washing with ultra-pure 
water, and dehydrogenaton treatment to prepare a sputtering target (300 mm in diameter and 6.35 mm in thickness) 
with controlled surface roughness (Ra). total amount of contaminants, hydrogen content, and thickness of a surface 
damage layer These examples are shown in Tables 1 and 2. In Table 1 , a round mark means that a processing or treat- 
ment was conducted. 

The target thus obtained was connected to a copper backing plate with a diameter of 348 mm and a thickness of 
21.0 mm and then subjected to sputtering below. 

[Table 1] 

[Table 2] 

The sputtering target thus prepared was set in a DC magnetron sputtering apparatus and sputtering was carried 
out under a nitrogen atmosphere to form a TiN film on a silicon wafer The number of nodules, average particle number, 
and standard deviation of sheet resistance ((i>S") in a wafer at the time of cumulative input power after initiation of use 
being 10 kWh were examined for Examples 1-9 and Comparative Examples 1-2. The results are shown in Table 3. 

(Table 3] 

As shown in Table 2, the center line average roughness, Ra, was 1.0 jam, the upper limit, or less in Examples 1-9 
according to the present invention, whereas the center line average roughness was 1 .8 ^m for Comparative Example 1 
and 3.0 ^im for Comparative Example 2. which exceed the above-mentioned upper limit. 

In addition, the total amount of contaminants depositing on the surface to be eroded, that is. metal elements with a 
high merting point other than the major component and alloy components (W, Ta, Mo, Nb, and the like), and Si, Al, Co, 
Ni, and B was 500 ppm or less, that is, in a range of 40 ppm and 470 ppm for Examples 1 -1 2, whereas the total amounts 
were 670 ppm and 450 ppm for Comparative Examples 1 and 2, respectively, which values exceeded the upper limit of 
500 ppm or were close to it. 

The hydrogen content of the surface ranged from 8 ppm to 40 ppm in Examples 1-12. The contents were 15 ppm 
and 10 ppm for Conoparative Examples 1 and 2, respectively 

The thickness of the surface damage layer of the surface was 5-40 ^m for Examples 1-9, while it was 70 jim for 
Comparative Example 1 and 30 for Comparative Example 2, which exceeded the upper limit of 50 jxm or was rela- 
tively large. 

As shown from a comparison between Tables 2 and 3, the number of nodules and average particle number were 
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small and standard deviation of sheet resistance in a wafer was small for Examples 1 -9 according to the present inven- 
tion, in which none of center lin average roughness; total amount of contaminants depositing on the surface to be 
eroded, metal elements with a high melting point other than the major component and alloy components (W, Ta, Mo. 
Nb. and the like) and Si, Al. Co. Ni, and B; hydrogen content: or thickness of the surfac damage lay r of the surface, 
exceeded the respective upper limits, indicating that good sputtering targets were obtained. 

However, in Examples 1 arxJ 4. in which one or more of surfac roughness, amount of contaminants, hydrogen con- 
tent, and thickness of the surface damage layer exhibited values close to the upper limits, the number of nodules and 
average particle number tended to relatively increase and the standard deviation of sheet resistance in a wafer was 
slightly high. Consequently, it is shown that these inaeases affect the properties of sputtering targets. 

In Examples 7-9 in which diamond-finishing machining was performed, the center line average roughness (Ra) was 
0.07-0.1 7 pm, the amount of contaminants was 40-100 ppm, and the thickness of the surface damage layer was 5-1 1 
[im, and thus the center line average roughness (Ra) and the thickness of the surface damage layer exhibited remark- 
ably low values. 

In addition, in this case, the numbers of nodules produced and average particle numbers were small and the stand- 
ard deviation of sheet resistance in a wafer at the time of cumulative input power after initiation of use being 10 kWh 
was constantly low. 2.1-2.5%. 

From above, diamond-finishing machining is found to exert a quite excellent effect 

In Examples 8 and 9, as shown in Table 1, in addition to diamond-finishing machining, wet polishing and washing 
or chemical polishing, washing, and dehydrogenation treatment were conducted. The number of nodules and average 
particle number, and the standard deviation of sheet resistance in a wafer were further improved, showing excellent 
results. 

On the contrary, in Comparative Examples 1 and 2, as shown in Table 3. the number of nodules was 500/target. the 
average number of appearing particles were 110 and 87/wafer. and the standard deviations of sheet resistance were 
4.8% and 3.2%, all these values were high. Comparative Example 1, in which the amount of contaminants was partic- 
ularly high arxi the surface damage layer was thick, showed the worst results among the Comparative Examples shown 
in Table 3. 

From above, a titanium target according to the present invention is shown to be an excellent target with lower inci- 
dences of nodule production and particle production and a small standard deviation of sheet resistance in a wafer. 

(Examples 10-14 and Comparative Examples 3-4) 

Next, examples of application of the present invention to tantalum (Examples 10-14) and-Comparative Examples 
3-4 are shown. 

Sputtering target material composed of highly purified tantalum (Ta) was subjected to lathe machining. Then, a sur- 
face to he eroded was subjected to diamond-finishing machining, wet polishing, chemical polishing, washing with ultra- 
pure water, and dehydrogenation treatment to prepare a sputtering target (300 mm in diameter and 6.35 mm in thick- 
ness) with controlled surface roughness (Ra). total amount of contaminants, hydrogen content, and thickness of a sur- 
face damage layer. They are shown in Tables 4 and 5. In Table 4, a round mark means that a processing or treatment 
was conducted. 

Tne larger inus cotainea was connecried iC a Cuppm Dtiuruny piaLc wnu a aiajucici ui u-*w rnm a iniv*i\iic*a^ 
21.0 mm and then subjected to sputtering below. 

' [Table 4] 
[Table 5] 

The tantalum sputtering target thus prepared was set in a DC magnetron sputtering apparatus and sputtering was 
carried out under a nitrogen atmosphere to form a TaN film on a silicon wafer. The number of nodules, average particle 
number, and standard deviation of sheet resistance in a wafer at the time of cumulative input power after initiation of 
use being 10 kWh (<i)8") were examined for Examples 10-14 and Comparative Examples 3-4. The results are shown in 
Table 6. 

[Table 6] 

As shown in Table 5, the center line average roughness. Ra, was 1.0 the upper limit, or less in Examples 10- 
14 according to the present invention, whereas the center line average roughness was 2.2 ysn for Comparative Exam- 
ple 3 and 3.5 \im for Comparative Example 4. which indicated rough surlace. 

In addition, the total amount of contaminants depositing on the surface to be eroded, that is, metal elements with a 
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high melting point other than the major component and alloy components (W, Ti, Mo. Nb, and the like) and Si. Al» Co, 
Ni, and B. was 500 ppm or less, that Is. In a range of 35 ppm and 320 ppm for Examples 10-14, whereas the total 
amounts were 560 ppm and 480 ppm for Comparative Examples 3 and 4. respectively, which values exceeded the 
upper limit of 500 ppm or were close to the upper limit. 

The hydrogen content of the surface ranged from 8 ppm to 25 ppm in Examples 10-14, and 1 0 ppm in Comparative 
Examples 3 and 4. 

The thickness of the surface damage layer of the surface wag 8-30 ^im for Examples 10-14. while it was 55 ^tm for 
Conparative Example 3 and 30 \im for Comparative Example 4, which exceeded the upper limit of 50 ^im or was rela- 
tively large. 

As shown from a comparison between Tables 5 and 6. the number of nodules and average partide number were 
small and standard deviation of sheet resistance in a wafer was small for Exannples 10-14 according to the present 
Invention, in which none of center line average roughness: total amount of contaminants depositing on the surface to 
be eroded, that is, metal elements with a high melting point other than the major component and alloy components (W, 
Ti, Mo, Nb, and the like) and Si. Al. Co. Ni. and B; hydrogen content: or thickness of the surface damage layer of the 
surface, exceeded the respective upper limits, indicating that good sputtering targets were obtained. 

However, in Example 10. in which the amount of contaminants and the thickness of the surface damage layer 
exhibited slightly larger values as compared with other Examples, the number of nodules and average particle number 
tended to relatively increase and the standard deviation of sheet resistance in a wafer was slightly higher as in the case 
of the above-mentioned TiN. 

Although Example 10 is within the scope of the present invention and had no particular prolDlem, it is shown that 
the increases in the amount of contaminants and thickness of a surface damage layer Impose influence on the proper- 
ties of sputtering targets. 

In Examples 12-14 in which diamond-finishing machining was performed, the center line average roughness (Ra) 
was 0.05-0.14 ^m. the amount of contaminants was 35-150 ppm, and the thickness of the surface damage layer was 
8-10 lam and thus the center line average roughness (Ra) and the thickness of the surface damage layer were remark- 
ably reduced. 

In addition, in this case, the number of nodules produced and average particle number were small and the standard 
deviation of sheet resistance in a wafer at the time of cunnulative input power after Initiation of use being 10 kWh was 
constantly low. 2.3-2.7%. 

From above, diamond-finishing machining is found to exert a quite excellent effect as in Examples 5-7. 

In Examples 13 and 1 4, as shown in Table 4, in addition to diamond-finishing machining, wet polishing and washing 
or chemical polishing, washing, and dehydrogenation treatment were conducted. The number of nodules and average 
particle number, and the standard deviation of sheet resistance in a water were further improved, showing excellent 
results. 

On the contrary, in Comparative Examples 3 and 4, as shown in Table 6, the number of nodules was 500/target, the 
average numbers of appearing particles were as high as 110 and 87/wafer, and the standard deviations of sheet resist- 
ance were 4.67o and 3.3%, showing a quite bad result. 

From above, a tantalum target of the present invention is shown to be an excellent target with low incidences of 
nodule production and appearance of particles, and a small standard deviation of sheet resistance in a wafer. 

(Examples 15-20 and Comparative Examples 5-6) 

Next, examples of application of the present invention to copper (Examples 15-20) and Comparative Examples 5- 
6 are shown. 

Sputtering target material composed of highly purified copper (Cu) was subjected to lathe machining. Then, a sur- 
face to be eroded was subjected to diamond-finishing machining, wet polishing, chemical polishing, washing wrth ultra- 
pure water, and dehydrogenation treatment to prepare a sputtering target (300 mm in diameter arxJ 6.35 mm in thick- 
ness) with controlled surface roughness (Ra), total amount of contaminants, hydrogen content, and thickness of a sur- 
face damage layer. 

These examples are shown in Tables 7 and 8. In Table 7, a round mark means that a processing or treatment was 
conducted. 

The target thus obtained was connected to a copper backing plate wHh a diameter of 348 mm and a tiiickness of 
21 .0 mm and then subjected to sputtering below. 
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[Table 7] 
Table 8] 

The sputtering target thus prepared was set in a DC magnetron sputtering apparatus and sputtering was carried 
out under a nitrogen atmosphere to form a Cu film on a silicon wafer. The number of nodules, average particle number, 
and standard deviation of sheet resistance (<1>6") in a wafer at the time of cumulative input power after initiation of use 
being 10 kWh were examined for Examples 1 5-20 and Comparative Examples 5 and 6. The results are shown in Table 
9. 

[Table 9] 

As shown in Table 8, the center line average roughness. Ra. was 1.0 \im, the upper limit, or less in Examples 15- 
20 according to the present invention, whereas the center line average roughness was 2.4 \im for Comparative Exam- 
ple 5 and 1.6 ^m for Comparative Example 6. 

In addition, the total amount of contaminants depositing on a surface to be eroded, that is, metal elements with a 
high melting point other than the major component and alloy components (W, Ti, Ta, Mo. Nb, and the like) and Si. Al, 
Co, Ni, and B, was 500 ppm or less, that is. in a range of 45 ppm and 360 ppm for Examples 15-20, whereas the total 
amounts were 60 ppm and 370 ppm for Comparative Examples 5 and 6. respectively. • 

The hydrogen content of the surface ranged from 1 ppm to 20 ppm in Examples 15-20, whereas the contents were 
2 ppm and 20 ppm for Comparative Examples 5 and 6, respectively 

The thickness of the surface damage layer of the surface was 4-20 ^m for Examples 15-20. while it was 35 ^m for 
Comparative Example 5 and 25 jim for Comparative Example 6. which had relatively thick surface damage layers. 

As shown from a conparison between Tables 8 and 9. the number of nodules and average particle number were 
smalt and standarcl deviation of sheet resistance in a wafer was small for Examples 15-20 according to the present 
invention, in which none of center line average roughness; total amount of contaminants depositing on the surface to 
be eroded, that is, metal elements at a high melting point other than the major component and alloy components (W, 
Ti, Ta. Mo, Nb. and the like) and Si. Al, Co, Ni, and B; hydrogen content; or thickness of tiie surface damage layer of the 
surface exceeded the respective upper limits, indicating that good sputtering targets were obtained. 

However, in Examples 15 and 18 in which the surface roughness was relatively large and tine amount of contami- 
nants wag high, and in Example 20 for which the surface roughness was relatively large and the tiiickness of the surface 
damage layer was large, the number of nodules and average particle number tended to relatively increase and tiie 
standard deviation of sheet resistance in a wafer was siightiy higher. 

Although Examples 15, 18, and 20 are included in the scope of the present invention and had no particular prob- 
lems, it is shown that these increases affect the properties of sputtering targets. 

In Examples 17-19, in which diamond-finishing machining was performed, the center line average roughness (Ra) 
was 0.03-0.1 1 nm and the tiiickness of the surface damage layer was 4-10 .um and tinug the center line average rough- 
ness (Ra) and the thickness of the surface damage layer were remarkably small. 

In addition, in this case, the number of nodules produced and average particle number were small and the standard 
deviation of cheat resistance in a wafer at the time of cumulative input power after initiation of use being 10 kWh was 
constantiy low. 2.3-2.8%. 

From above, diamond-finishing machining is found to exert a quite excellent effect as in Examples 5-7. 

For Examples 18-19, as shown in Table 7, in addition to diamond-finishing machining, wet polishing and washing 
or chemical polishing, washing, and dehydrogenation treatment were conducted. The number of nodules and average 
particle number, and the standard deviation of sheet resistance in a wafer were further improved, showing excellent 
results. 

On the contrary, in Comparative Examples 5 and 6, as shown in Tables 8 and 9. tiie center line average roughness 
(Ra) was large and the surface damage layer was thick. 

The numbers of nodules were large, 17 and 20/target, and the average numbers of appearing particles were also 
large, 6 and 8/wafer. Especially, the standard deviations of sheet resistance in a wafer were as high as 3.6% and 4.1%. 
showing clearly bad results. 

From above, a copper target of the present invention is shown to be an excellent target with lower incidences of 
nodule production and appearance of particles, and a small standard deviation of sheet resistance in a wafer. (Exam- 
ples 21-26 and Comparative Examples 7-8) 

Next examples of application of the present invention to aluminum (Examples 21-26) and Comparative Examples 

7-8 are shown. 

Sputtering target material composed of highly purified aluminum (Al) was subjected to lathe machining. Then, a 
surface to be eroded was subjected to dianrxand-finishing machining, wet polishing, chemical polishing, washing with 
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ultra-pure water, and dehydrogenation treatment to prepare a sputtering target (300 mm in diameter and 6.35 mm in 
thickness) with controlled surface roughness (Ra), total amount of contaminants, hydrogen content, and thickness of a 
surface damage layer. These examples are shown in Tables 10 and 11. In Table 10, a round mark means that a 
processing or treatment was conducted, 
5 The target thus obtained was connected to a copper backing plate with a diameter of 348 mm and a thickness of 
21 .0 mm and then subjected to sputtering below. 

[Table 10] 

10 [Table 11] 

The Al sputtering target thus prepared was set in a DC magnetron sputtering apparatus and sputtering was carried 
out under a nitrogen atmosphere to form an Al film on a silicon wafer. The number of nodules, average particle number 
and standard deviation of sheet resistance (<i>8") in a wafer at the time of cumulative input power after initiation of use 
IS being 1 0 kWh were examined for Examples 2 1 -26 and Comparative Examples 7 and 8. The resurts are shown in Table 
12. 

[Table 12] 

20 As shown in Table 11, the center line average roughness, Ra, was 1.0 |im, the upper limit, or less in Exanples 21- . 
26 according to the present invention, whereas it was S.l^im for Comparative Example 7 and 2.2 ^m for Comparative 
Example 8. 

In addition, the total amount of contaminants depositing on a surface to be eroded, that is. metal elements with a 
high meKing point other than the major component and alloy components (W, Ti, Ta. Mo. Nb, and the like) and Si. Al, 
25 Co. Ni, and B. was 500 ppm or less, that is, in a range of 30 ppm and 240 ppm for Examples 21-26. whereas the total 
amounts were 70 ppm and 400 ppm for Comparative Examples 7 and 8, respectively. 

The hydrogen content of the surface ranged from 1 ppm to 20 ppm in Examples 21-26. The contents were 2 ppm 
and 10 ppm for Comparative Examples 7 and 8. respectively. 

The thickness of the surface damage layer of the surface was 5-20 ^im for Examples 21-26, while it was 30 jim for 
30 Comparative Example 7 and 25 jim for Comparative Example 8, which exhibited thick surface damage layers. 

As shown from a corrparison between Tables 1 1 and 12. the number of nodules and average particle number were 
small and standard deviation of sheet resistance in a wafer was small for Examples 21-26 according to the present 
invention, in which none of center line average roughness: total amount of contaminants depositing on a surface to be 
eroded, that is metal elements with a high melting point other than the major component and alloy components (W, Ti, 
35 Ta, Mo, Nb, and the like) and Si, Al, Co. Ni. and B: hydrogen content; or thickness of a surface damage layer of the sur- 
face exceeded the respective upper limits, indicating that good sputtering targets were obtained. 

However, for Examples 21 and 22 in which the surface roughness was relatively high and the amount of contami- 
nants was relatively large among Examples, it is found that the number of nodules was increased and the standard devi- 
ation of sheet resistance within a wafer was slightly higher. In Example 26 in which the hydrogen content and the 
40 thickness of the surface damage layer were siighxiy large, the number of noduies and the standard deviation of sheet 
resistance in a wafer tended to increase, indicating that these increases affect the properties of sputtering targets. How- 
ever, Examples 21-26 are included in the scope of the present invention and had no problems. 

In Examples 23-25 in which diamond-finishing machining was performed, the center line average roughness (Ra) 
was 0.03-0.15 \im, the amount of contaminants was 30-130 ppm, and the thickness of a surface damage layer was 5- 
45 10 urn and thus the center line average roughness (Ra) and the thickness of a surface damage layer were remarkably 
reduced. 

In addition, in this case, the number of nodules produced and average particle number were small and the standard 
deviation of sheet resistance in a wafer at the time of cumulative input power after initiation of use being 10 kWh was 
constantly low, 2.4-2.8%. 

50 From above, diamond-finishing machining is found to exert a quite excellent effect as in Examples 5-7. 

In Examples 24 and 25, as shown in Table 10, in addition to diamond-finishing machining, wet polishing and wash- 
ing or chemical polishing, washing, and dehydrogenation treatment were conducted. The number of nodules and aver- 
age particle number, and the standard deviation of sheet resistance in a wafer were further improved, showing excellent 
results. 

55 On the contrary, in Comparative Examples 7 and 8, as shown in Table 12, the number of nodules were large, 17- 
19/target. and the average number of appearing particles were also large, 6 and 12/wafer. In addition, the standard 
deviations of sheet resistance in a wafer were as high as 4.0% and 3.7%, showing clearly bad results. 

From above, an Al target of the present invention is shown to be an excellent target with lower incidences of nodule 
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production arvd appearance oi particles, and a small standard deviation of sheet resistance in a wafer. 

According to the present invention, the surface roughness of a sputtering target is controlled to make the thickness 
of a thin film formed on a substrate by sputtering even, the amount of contaminants depositing on a surface and the 
hydrogen content of the surface, and also the thickness of a surface damage lay r are reduced so that excellent effects 
to effectively prevent nodule production and suppress appearance of particles upon sputtering are exerted. 

Especially, precision machining using a diamond turning tool can reduce surface roughness effectively without 
using wet polishing or chemical polishing conventionally required, and selection of this processing condition can reduce 
the center line average roughness (Ra) to 0.2 ^ or less and the thickness of a surface damage layer to 1 5 urn or less. 

By reducing the thickness of the surface damage layer as mentioned above, an excellent effect of shortening a time 
required for the dummy sputtering remarkably was achieved. 

Many widely different enrtoodiments of the present invention may be constructed without departing from the spirit 
and scope of the present invention. It should be understood that the present invention is not Omited to the specific 
embodiments described in the specification, except as defined in the appended claims. 



[Table 1] 





Material 


Lathe 
machining 


Diamond- 
finishing 
machining 


Wet polishing 


Chemical 
polishing 


Washing 


Dehydro- 
genation 
treatment 


Example 1 


Ti 


O 




O 




0 




Example 2 


Ti 


O 






O 


0 


o 


Example 3 


Tl 


O 




O 




O 




Example 4 


Ti 


O 




O 




O 




Example 5 


Ti 


o 






O 


O 


o 


Example 6 


Ti 


o 






O 


O 


o 


Exannple 7 


Tl 


o 


o 










Example 8 


Ti 


o 


o 


0 




0 




Example 9 


Ti 


o 


o 




0 


0 


o 


Comparative 
Example 1 


Ti 


o 












Comparative 
Example 2 


Ti 


0 




O 




0 




( A round mark (Q) shews that a processing or treatment was conducted. ) 



[Table 2] 





Surface roughness 
Ra Qim) 


Total amount of 
contaminants 
(ppm) 


Hydrogen content 
(ppm) 


Thickness of surface 
damage layer {\in\) 


Example 1 


0.8 


280 


10 


40 


Example 2 


0.6 


45 


40 


10 


Example 3 


0.9 


120 


10 


10 


Example 4 


0.3 


470 


15 


10 


Example 5 


0.2 


60 


10 


8 


Example 6 


0.08 


40 


10 


6 


Example 7 


0.17 


80 


8 


11 
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[Table 2] (continued) 





Surface rouahness 
Ra (urn) 


Total amount of 
contaminants 
(ppm) 


Hydrogen content 
(ppm) 


Thickness of surface 
damage layer (|im) 


Examples 


0.13 


100 


10 


7 


Examples 


0.07 


40 


8 


5 


Conrparative Example 1 


1.8 


670 


15 


70 


Comparative Example 2 


3.0 


450 


10 


30 



rable 3] 





Number of nodules 
(number/target) 


Average particle 
number (number/wafer) 


Standard deviation of 
sheet resistance (%) 


Example 1 


57 


31 


3.6 


Example 2 


23 


20 


2.4 


Example 3 


41 


26 


2.6 


Example 4 


71 


33 


3.3 


Example 5 


30 


26 


2.4 


Example 6 


30 


26 


2.3 


Example 7 


32 


28 


2.5 


Example 8 


31 


25 


2.3 


Example 9 


20 


21 


2.1 


Comparative Example 1 


500 


110 


4,8 


Comparative Example 2 


500 


87 


3.2 



[Table 41 

m m 





Material 


Lathe 
machining 


Diamond- 
finishing 
machining 


Wet polishing 


Chemical 
polishing 


Washing 


Dehydro- 
genation 
treatment 


Example 10 


Ta 


o 




o 




o 




Example 11 


Ta 


o 






o 


o 


O 


Example 12 


Ta 


o 


O 










Example 13 


Ta 


o 


O 


o 




o 




Example 14 


Ta 


o 


O 




o 


o 


O 


Comparative 
Example 3 


Ta 


o 












Comparative 
Example 4 


Ta 


o 




o 




o 




(A round mark (0) shows that a processing or treatment was conducted.) 
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[Tabid 5] 





Surface roughness 
Ra (fim) 


Total amount of 
contaminants 
(ppm) 


Hydrogen content 
(ppm) 


Thickness of surface 
damage layer (fim) 


CaoIIUJIb l\J 


0 7 




10 


ou 


Example 1 1 


0.5 


60 


10 


15 


Example 1 2 


0.14 


90 


10 


10 


Example 13 


0.07 


150 


10 


8 


Example 1 4 


0.05 


35 


8 


8 


Comparative Example 3 


^2 


560 


10 


55 


Comparative Example 4 


3.5 


480 


10 


30 



[Table 6] 





Number of nodules 
(numberAarget) 


Average particle number 
(number/wafer) 


Standard deviation of 
sheet resistance {%) 


Example 10 


65 


33 


3.2 


Example 1 1 


39 


32 


2.7 


Example 12 


28 


26 


2.6 


Example 13 


34 


29 


2.7 


Example 14 


22 


23 . 


2,3 


Comparative Example 3 


500 


95 


4.6 


Comparative Example 4 


500 


102 


3.3 



[Table 7] 





Material 


Lathe 
machining 


Diamond- 
finishing 
machining 


Wet polishing 


Chemical 
polishing 


Washing 


Dehydrogen- 
ation treat- 
ment 


Example 15 


Cu 


o 




O 




O 




Example 16 


Cu 


o 






O 


O 


o 


Example 17 


Cu 


o 


o 










Example 18 


. Cu 


o 


o 


O 




O 




Example 19 


Cu 


o 


o 




0 


O 


o 


Example 20 


Cu 


o 






0 


o 


o 


Comparative 
Example 5 


Cu 


o 
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(Tabl 7] (continued) 





Material 


Lathe 
machining 


Diamond- 
finishing 
machining 


Wet polishing 


Chemical 
polishing 


Washing 


Dehydrogen- 
ation treat- 
ment 


Comparative 
£xannple6 


Cu 


O 




o 




o 




(A round mark (Q) shows that a processing or treatment was conducted.) 



[Table 8] 





Surface roughness 
Ra (^m) 


Total anx)unl of con- 
taminants (ppm) 


Hydrogen content 
(ppm) 


Thickness of surface 
damage layer {[on) 


Example 15 


o.e 


360 


10 


10 


Example 16 


0.4 


70 


10 


10 


Example 17 


0.11 


60 


1 


4 


Example 1 8 


0.05 


260 


10 


10 


Example 19 


0.03 


45 


20 


6 


Example 20 


0.9 


55 


20 


20 


Comparative Example 5 


2A 


60 


2 


35 


Comparative Example 6 


1.6 


370 


20 


25 



[Table 91 





Number of nodules 
(numberAarget) 


Average paticle number 
(number/wafer) 


Standard deviation of 
sheet resistance (%) 


Example 15 


21 


13 


2.8 


Example 15 


8 


3 


2.6 


Example 17 


3 


1 


2.3 


Example 18 


17 


7 


2.8 


Example 19 


6 


3 


- 2.4 


Example 20 


11 


5 


3.5 


Comparative Example 5 


17 


6 


4.1 


Compapalive Example 6 


20 


12 


3,6 
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[Table 10] 





Material 


Lathe 
machining 


Diamond-fin- 
ishing 
mactinig 


Wet polishing 


Chemical 
polishing 


Washing 


Dehydrogen- 
ation treat- 
ment 


Example 21 


Al 


o 




0 




o 




Examole 22 


Al 


o 






o 


o 


o 


Example 23 


Al 


o 


0 










Example 24 


Al 


o 


0 


0 




o 




Example 25 


Al 


o 


0 




o 


o 


o 


Example 26 


Al 


o 






o 


o 


o 


Comparative 
Example 7 


Al 


..o 












Comparative 
Examples 


Al 


o 




o 




o 




(A round mark (Q) shows that a processing or treatment was conducted.) 



[Table 11] 





Surface roughness 
Ra {^m) 


Total amount of con- 
taminants (ppm) 


Hydrogen content 
(ppm) 


Thickness of surface 
damage layer (jim) 


Example 21 


0.9 


240 


10 


10 


Example 22 


0.8 


100 


10 


10 


Example 23 


0.15 


30 


1 


5 


Example 24 


0.12 


130 


10 


10 


Example 25 


0.03 


30 


15 


5 


Example 26 


0.3 


45 


20 


20 


Comparative Example 7 


3.1 


70 


2 


30 


Comparative Example 8 


2.2 


400 


10 


25 



[Table 12] 





Number of nodules 
(numberAarget) 


Average particle number 
(number/wafer) 


Standard deviation of 
sheet resistance (%) 


Example 21 


15 


7 


2.8 


Example 22 


10 


3 


2.8 


Example 23 


2 


1 


2.4 


Example 24 


13 


6 


2.8 


Example 25 


5 


3 


2.4 


Example 26 


10 


5 


3.5 
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(Table 12] (continued) 





Nunnber of nodules 
(number/target) 


Average particle number 
(number/wafer) 


Standard deviation of 
sheet resistance (%) 


Comparative Example 7 


17 


6 


4.0 


Comparative Example 8 


19 


12 


3.7 



Clainns 



1 . A sputtering target characterized in that the surface roughness of a surface to be eroded of the sputtering target is 
1 .0 ^ or less in terms of center line average roughness (Ra). 

2. A sputterinctiarget characterized in that the surface roughness of a surface to be eroded of the sputtering target is 
1 .0 fim or less In terms of center line average roughness (Ba) arKi the total amount of contaminants depositing on 
the surface to be eroded, metal elements with a high melting point other than the major component and alloy com- 
ponents, and Si, Al, Co, Ni, and BJ§_500 ppm or less. 

3. A sputtering target according to claim 2. characterized in that the total amount of contaminants, metal elements 
with a high melting point other than the major component and alloy components, and Si, Al, Co, Ni, and B, is 300 
ppm or less. 

4. A sputtering target according to any one of claims 1 -3, characterized in that the hydrogen content of a surface to 
be eroded of the sputtering target is 50 ppm or less. 

5. A sputtering target according to claim 4. characterized in that the hydrogen content of the surface to be eroded of 
the sputtering target is 30 ppm or less. 

6. A sputtering target characterized in that the surface roughness of a surface to be eroded of the sputtering target is 
1 .0 )im or less in terms of center line average roughness (Ra) and the thickness of a surface damage layer of the 
surface to be eroded is 50 ^m or less. 

7. A sputtering target characterized in that the surface roughness of a surface to be eroded of the sputtering target is 
0.2 nm or less in terms of center line average roughness (Ra) and this thickness of a surface damage layer of the 
surface to be eroded is 15 ^m or less. 

8. A sputtering target according to claim 6 or 7, characterized in that the total amount of contaminants depositing on 
a surface to be eroded, metal elements with a high melting point other than the major component and alloy compo- 
nents, and Si, Al, Co, Ni, and B, is 500 ppm or less. 

9. A sputtering target according to claim 8, characterized in that the total amount of contaminants depositing on a sur- 
face to be eroded, metal elements with a high melting point other than the major component and alloy components, 
and Si, Al. Co, Ni, and B is 300 ppm or less. 

10. A sputtering target according to any one of claims 6-9. characterized in that the hydrogen content of a surface to 
be eroded of the sputtering target is 50 ppm or less. 

11. A sputtering target according to any on of claim 6-9, characterized in that the hydrogen content of a surface to be 
eroded of the sputtering target is 30 ppm or less. 

12. A method of manufacturing a sputtering target characterized in that finishing of the sputtering surface is conducted 
by precision machining using a diamond turning tool. 

1 3. A method of manufacturing a sputtering target characterized in that finishing of the sputtering surface is conducted 
by precision machining using a diamond turning tool followed by polishing. 
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